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1 



[ft*® 1 1 *ft»36i"*»*^-< ^-K^s *6« 

#/uXis&s<y&-i?&m^&Zk&mtkir&n#& 
-«c||^$nTV^5*^#^^■r5^*:^2, 

■r5wiSrW«fci"5l»**2. »*«3, W*«4Sfc 
VM*»*«5^|B«lO*4»**^tfflV^»«3ty >- 

[0 00 1] 

[0 0 0 2] 50 




2 

14, *6»3t^>f^— K (aT*36^*-KI4LED 

[0 0 0 3] 13 8 ^*0lJt£«S g »*<0#iHiS««: 
^-T 0 rcoi/^^^d, )tS1t^-/V5 0, 
*f/*5 1. 365(1*^3.-/^5 2<D3o^iM*^?? 
ft*. r.03l63i«|ISfllH:f*i?^/H§#Sre»i-*. i£« 

m<D7*i?#/ism^A£! 5 3 a*, ^^{f ^.^^ _ /W5 o 0 

RS)|hIK5 4KA*K r.H^ s 5l3fe^>f*- K5 SSrSW 
-T^o **^>f*- K5 5^«#&*tr#tt* # = 
^5 6^e>*7r-f^5l(cA5o Jfc^r-f^5 1Sre 
*bfc3fctt* %^*9 9 5 7Srii9, 5tgff*^~-/i' 
5 20, g^-f*- K5 8K7J*i-S. 32^>fT^S 

[0 0 0 4] H9tt*i?a-/KDa»*rt{C*5{tSifca 

^^m*^^-/w^>t§: > ri*^^-^^ffix.*o -a* 

[0 0 0 5] 5§}t^£ LTtt, AlGaAs, Ga A 
£LTf4. PMMA (^!J^f;M^^!Jl/~ M 

[0 0 0 6] o*9, •79X^y#7T'f'«OtizmtK 
£ 14, JftfitfS 6 0 0 n m~ 7 0 0 n m(D>t Sr«*i" 

[0 0 0 7] 

m^E^4^ 5S-fe©»3t^>f*- K (LED) SrflSoTl^ 



(3) 



16 3 0 9 
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4 o'c—i i stoigH-efc^o «Ettttr.<o*SH"cora 

LT^-To WQlft^'feJSJt^^-- K (LED) Oil 

[0 0 0 8] Ktti«a-C*U<5l36* 
365{STi*So 50^-1. ldBtWSo 8 0W 
-1. 8dBtcT^6o 12 0tt-3dBgfifiTt 

ttHfifc ft £ #0f tt^jffl -c t * v » 0 ^i?>m 

^v^V^ttttB-e^ft^ofco *fe©LEDSrfflV>5 

[0 0 0 9] iff^ i«3g<D«-te»*:j65®fc 

ftoTtTto Wifl ABS (T^^^^riy K^l — * 

ioofc5 0 mxzkm&mmirztima^ iMb PS 
3&©igft3W*<ft*t. y>fXtea<ft« 0 ^^i?^ 

- ^/vtmmi&mmm t ft o "Cffio^it ^ w^srn 

[0 0 10] o*0 3i^^©J; JlCi^/^fX 

» » y 4 x<D&m&§: tt-f * » y -f XSri^W L ft 

[0011] 

fflKBBx.*t<Ot Lftrmtfft&ftv^ io±5 4i((a 

[0012] r. r-cW-feiv^ott* 0. 42^m- 
0. 5 5^m<OiSS<^)t^f*t5o ro3£|ffl(03tS:^ 
4t6^#ij:/^my^2. 2eV-3. 5e 



V(0ffiffl(Cfo5o 0!);tfc£. GaN, SiC, GaP?(D 
[0 0 13] g##^ JRJtS^SrBillfcjR^Aftfflvxr 

[0 0 14] Jtl^-©y-F7W-AO±(:§)ti 

[0 0 15] *9/\s%l//<y^-i/%:j%^Z>1§i&h, * 

S*t"CV^ii;-c*)S 0 K»j«*«BHc±or^y^Sry 

40 -Cfc£ 0 

[0016] 

3&^(D#fe£V^5<£>teO. 0. 5 5/imO)fe 

[0 0 17] 
1^1] 

50 
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IS 


0. 43 — 0. 49 

0. 5#ifi 

0. 49-0. 5 5 



[0 0 1 8 1 FfejBg^fl, 0. 43/im-0. 5j^m(08 
S^*)5^[:Ix5o 0. 5 5 5/zm[ifI 

#-fel^#>£ 0 rco^ffl (0. 42/im-O. 55/i 
m) CD^SO^^^"T5^^^^MS^bO^^ 
'>&l\> 3ftIff£efio**)}fcy ^tte^Jtm^. 

5 0 b^b^x^r^ a^^&r^a^bfcfco 

[ooi9] [051^^] mm^n^ytm^mm-f 

#felS3t©fc«>^. GaN. SiC (Hex) . GaP 

strain -vm*mi*<o»& % ii-vim<ofc&m*m# 

€rfflV^ 0 U-Vim^Mfck bTteZ n S, ZnSe. 
ZnCdS, ZnMgSSe^if?rtt5-t^^t§o 
[0 0 2 0] EI 1 0 tC&ytm^lcmm-eZ 5Wu r t z 
i t e*ft<D»^«« (A) t, ^m^^ (e 
V) , ^O'K^^^^caj/S-t-SjKfiA (/*m) ©BBffi 
<Z>«8JSr*"*\> GaNi^yK=¥t^^3. 4 e V. 
S i Cte^^ K3r* y7&2. 8eVtH ZnSli 
3. 5eV. ZnSete2. 7eVtfc5 a B11KZ 
n BSM^y * y ^i»?3e«oBB«©«KSr 
*"T 0 Ga P^2. 3 e VO@S> SiC (ZB) * 
2. 2 e V^aSE^^VK^-Ys/^SrftOo K^r-r 

[0 0 2 1] *«M<D«3t*^fc Ltf^ym^^ 
*S 2. 2eV-3. 5eV(Offf(OTO^5^^^"e 
££ 0 *0*"Ct«F(-B!afdSiiSV^G a N, SiC. Ga 

»fc53#^£/Hi-5*as*><5o fci:x.ll GaAsll: 
ZnMgSSeWt^^it GaAs©jBfi 



[00 2 2] )fe^;^-EA (eV) 

E A = 1 . 2 A/X (1) 
[0 0 2 3] ^^/^-E^tt^^K^fir^^^ 

^/w^r~E g h^mm&^/^-mzvd&m^xitk 

COX 0 £ G 

EX — Eg— Ed (2) 
[0 0 2 4] ^r-CE dte Y-t-tLtcteT f-ty? ~(D 
8BSXtt't<Z>W*<©ft-e*>*o A = 0. 4 2/zm—0. 
10 5 EA = 2. 2eV-3. OeVt 

£>6 0 IJWa^EdilO. OleVSIHO. 5e 

£o «*<03ftii«*«K«*>^TV^*6»**^ (A 
IGaAs. GaAsP) ^55*^3856*^0 E g 

1. 4eV-l. 8eVcO^S-Cfc^> (^fflGaA 
s : 1 . 4 e V, aS^JB I n P : 1 . 3 e V) 0 

20 [0 0 2 5] ffef)t*f}j:3?)^l. 5«j&>6> 

2. SffifOjKScO^^K^ir^^EgSritOo -«(CE 

©Snpttexp (-Eg/kT) \zVbmirZ> 0 ttm& 

^±m^xoxm^AEH(om^m l < is #.-c b £ 5 0 

[0 0 2 6] »3t*fWpi««^?>nI!WSfc«l 

[0 0 2 7] El 3 (C*5l^T. G a N<Z>^a9#«3t*^Fcr> 
^y/U&^—p&^-tofiJfrifclsXh. 20^-80^ 

9 0 ( C<^3fi<-T?0 c Ct^lb^^^$>^ o 12 0^ 
50 "C\ $&yt&<D&Tte~ 0 . 4 d B<D®a-efo*9, 




(5) 



7 

ytm^-om-gt (-3. odB) ictt^n/swga-c 

•So 

[00 2 8] ^)t3sao?as^#tt^/h £ V ^ i V >. 5 (O 

[0 0 2 9] 
[*2] 

S2. iTfeSgftlg^imartvK** *7 





Eg (eV) 


GaN 
Z n S e 
Z n S 


3.3 9 

2, 7 1 

3. 54 



20 



[ 0 0 3 0 ] ^Jfc^WfisR^©!^, GaN, S i C, G 
a P^iSma. jfrfe, sfcfl-li^tSH^GaAslCjfc^ 

a A s <DX p^ffe^^V^-^-C^r^J: fc^T?|t 30 

fcv\, Ga A s tOfc^ffifSgSrJD^LS iteftflc^ 

^Ctt^fo^k^jBr. 5, ft 

[0031] (D^y^-Ytf^ kjcwA-So 
^»#*^<Dft*-ca>s g a a s flwtnabA^ 

#>ftv^ 5t-bTi^£ 0 S^!7>f^r#^K<z>te^ttl8 40 

f*"C&<, 2liIjifett3|Hl!7>fir*>'KSrfi 1 3&5-i: 1 b"C 
tSo 7^fcft*t*&<, y # >-*fc»Jtt: V «: t> !7 

Kfc J: D SBBSi" * £ i *t»# 3 G 
[0 0 3 2] !7>f irttA©li^ttl 8 //m—2 

0 0/im^l5 0/im©fc©tffc5 o b;&»br <©J; 5 
*V^fc<OSrGa As^tt#tte>n*V^ y^V^M-t 
tt, ^^-Ci5^^ 12. 4 // 2 5 /* rru *M# 5 75/i 50 




mm^S- 116 3 0 9 
8 

m-5 0 0^mTfc^o W^SS^iR^ttwO J: 5 ^*V^ 
G a A s <£>*§^te 1 *©!7>f^*^fc y - KSrSSttb 

[0 0 3 3] mfcS^bTWftJKtSJ^i: LTIV*» 

1»*Lfc0 Lftv\, fc»Kaa±#T»KJ:<iB*.So St 
[0 0 3 4] ©5*iv^^5ES^KfcW*.So 

sm*temm^-*h^mhfa\,^mk&<D&& man 

I n^ffi m&mi 2 OX:) . PbSnfffi (JB^CJIQ 1 
9 Ot:) ) SrfflV^T^i^jr-v ! ^^#>KbTV^fco 

[0 0 3 5] t Tf fe^^*^^f 0 g ftlc 

WS&ffi^fc£o BSr^tTtteftttdS^tbttV^ 
7 ^ ^<0^b©ifriBSr-rs r 4: ft < ffilt/ko^t- <£ o 
T * ^ ^ ^ ^ s> 4r - ^ tC ^ * ^ K-f S r. £ »c t 
5 0 ^J^L«> B^2 8 0^-3 8 0t©Au S n¥H 
^AuS i ¥ffl^lV^^ ^> Kt5 ^ t ^T't 

[oo3 6] 

[0 0 3 7] b^b^/^^te^^ffiv^^^^^^tt 
»*coft V ^ ^ ^cd^^, 16 ^9 ^ ^ y ^ <t 




9 

(cto-cGaAsSr^iitft, mmm^m^xv^y 

7<Dy^#> K^SittfeO !7^-V^yV >y&fttb1t 

v^ 0 z<om&. m&<o±mxfit* 8 5t:-c£>5 0 

[0 0 3 8] L^Ltfe^GaN, S i C, GaP 
[0 0 3 9] Sttit<D <fc 5 tctttt W^SOiS V ^ s> 

[0 0 4 0] [««W3ME^ffiv^^a>lfr&] iKvv*^ 
K*+^^ismtttv^5-fcd*fe-ar*.tf, zns, z 

nSe, ZnCdS. ZnMg SS e41fOT-VI«¥ 

r tt e> if t #» w *>mttt l T*uffl 

N. SiC, G a Ptilifc^fcgaSaMgv^ 3fiV^dS}6> 
GaN, SiC, Ga Pi9l4fiV^aa«-e*WltS© 

[0 04 1] [®36^r^^] Jt^r^^fc b-rtt, p 
MMA (tKV *^vK*^ y/vo ^^ijo^Srfflv^o 
r<Z>3t^r>f^tt. 0. 60/im-O. 6 7/im|:gl 

0. 45/im-O. 5 7 /*mfct > e3§llS^<^/jNS< ftS 
»»**)5 0 «r»©J:5K*5SWB:*ft«>««SrO. 4 
2 m m~0. 5 5 //m£5£»LTV^ 0 ^©jBBfc^S: 
LT1^5j&>£>. PMMA3t^r^^^* J fe^>3tSrJ:<ii 

19, 1 2 st-^i 0 0 omm<Dmmum$:\.tc&, rti 

{^febTl^o 

[0 0 4 2] PCI w*y#-3tf*>r b) lh<D%yy^ 

S&1S*^#V^ PMMA77^^K)5(g-l 0fg<D 

[0 0 4 3] [©S**^] Si7*h^t-KJt>5 
V^ttGa As h^t- KSrffiV^ 0 GaAsP 




W8-1 1 6 3 0 9 



10 

3&s*M5"C*>So 5^M(-J:ot, 0. 4 ^ 

0 . 7 m m<D*SH©«S«^+4>*S3t**Sr»o7^ 

10 [0 0 4 4] [@JS521h!S&] ##W0>#3fc3lH : \ 

^tt*jftWL#&OSli^£ bT^^-^lcifc^bTffi 

wan, 5kytm*<omtifimt6fti*<D i c^r^t 

[0 0 4 5] [©^^-v^] *»fflcD* J F-§v^'Jr- 
20 >5r-^«jftii"4«^tt. D-K7V-A};»j:7 P 7^ 

[0 0 4 6] b*»U ^Sftl^S^^v^, 

30 »t;^J:oTjRW§B. f^iR^^^^J:^^^^^^ 
y^^Kfafrhtew ^S^ioT^^bTv^sco-efC 

[0 0 4 7] [®«B. !7>f-V] !7>ft^>f^^^ 

& (An) ^v^^xc^bhi. ^-y/uT-u—jftmi: 

^A l i: U7^fttA l it5©^V\ 
[0 0 4 8] 

jt*^, s**? y - K7 u - a t y 

50 c7?y - K2^ttluftotv^5o y - K2<D5feiS^tt^ 




(7) 



11 

Sri 5 . r^-c^^o^/cttSr^'t-o 
[0049] y - K7 v- a i »a ^fytf - y 

Ki"So r*btt*»jSL«>*BSrtt5o I Ctt, Wt?4 10 
[00 50] ^*-K9iI C8^|j:!7^t^^ 
^>^v^7, IC8, ^t-KQ^Sr^e-^K 

h^Mm^x^m-r^o te-AsFfpfflik-rzk, y- 20 

K2©8G»fcJ;ot«Lfc»»l 3*«JWrr* 0 -tttt 

#12 S^gflrcfcofc (I9ffla««ii:v^v^8 5 
t) o *35M©»^tt^f9^te»^si 4 O^WJico^ 

2 0t;H±fcil»5ri:#"et4o 
[0 0 5 1] ^^ttffil^-tfG a Ntfe»*^>f^- 

States i 7* h^>r^— K^ftotV^^ KM— flER 30 

m^t^m3<Dmmtox:^mmt tt-4 ot>-i 1 

So 1 1 STCS-C^JftWtt^teT^ifttV^ 
[0 0 5 2] H2ttt&JR^^^-^»C*^*JR*Ufcffil 
^Ltl^o ^Jl^^A 1 4<Z>T(cttSlod^y - K 
15WV^TV^ 0 7rA14^±Bi-it I CI 6, 
gft^tf"- KXte^^f K 1 7W^>KL 
TfcS 0 r^ttiB»^«>^Sr«5o IC16I^7^ 
1 4 £ 2$©7-ftl SfcioTgSRStbSo 
^ 2*oSt?^f AB(-o* Co CLtUSl;^ 40 

[0 0 5 3] ICty-K^W(^2*(D7^tl 

y7<DlBtei>X s r^ I C(C*f LT2*-fo(0!7^ir2 
1 % 2 2KioTSBtt**t6. ^^^2 31^:^ 
td^2 4S:^-rSo ^^^^^2 3 5:^x^14^ 

j; 9 ^ y y^j&xtf frfr e> * v \, n& -cfo s ^ 
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[0 0 5 4] BUtt* ^/V^7^C0S i 7* by^^-~ K 

Wtt3i*.*-efc*o A^IB-g-ttl 0 k b p s^^COM 

2g^^<oiE-^(i3 0 0 k b p s e26i^<oai*-efc 
So iMBiMb p soea6WF©s*"t?as>*o 

B120nsT?fc5 o &fy<Dfemtem 5 \C7jkT0 7*^~ 
[0 0 5 5] Sfi^/v-^cDBSr t * i1"S 0 ^<S*# 

&v^s«^i^t^^^-^#5 o%^*So 

t — t b I k-tZo ^*t*^/u^fi-cwe>3&v^-e % 21 

KDffiVvfr (10kbps) Wl^«#<^ 
So lOkbps-lMbps ©fit K#Lt, 20- 

1 3 ox:<Dummm\^^^xwFmm (120ns) ^ 

[0 0 5 6] m^m^fc ft ^bfx.l«ttfl^ 8 S'C 

*-cL«x.too^yy^?:i 3 or^T^fUffl-e^ 
Si:5(-^So B 6 fi*7r >f ^t«^tSfcft©3* 

fc ISg^fcSH^ ^-^3 0^vW^ ;V(D/n ^ v 
^3 ltcJfA^tu }f*x^3 2Jc±oTHS**u 
So ^^>-^3 l<otHiSKn^r-f^«o^^9 9ifi 
ASS9BfcA:3 3j&S|lnL"CV^5 0 a^j/3 1H7 
-;*>f 3 4asgg£tH"C^5 e ^^i^^^cttftttih*^- 
3 5. ^3 6j&s*>t>»*5"5r-S*3 O^mM^mf^^ 

[0 0 5 7] ^^-^^^(^A^tlS^tai^^fcttg 
3ttm¥<0'<i»tr-&nm6<0 (b) , (c) . (d) 
*t<t5(2i»od^aS#S)5 0 (b) ttBll-eRMb 

tch<Dtm\^~chz> 0 y-K7i/-A3 9(^5/^ 

tch<DX*foZ> 0 (c) fiM^fA4 0(^4 1#t^ 
JR^^^^4 2Sr#«tfcfc<Z>T?*>So ^1*0 2 *C*5V^ 
TRW Life S 0 y - K4 3 £JlTt>*tfTV^ Q 

[0 0 5 8] (d) tt^JR^^^Sfctt-fe^ 5 
A 4 4fci^s>:7 p «:#9ttW\ 5^#*0«*4 5 SrSt#tt 
fcfcOTfcSo IE!6tc^Lfc^tl^^^-efeS 0 W^fe 
I C\ S*^^ I C«:«*^to*TJte*-r 

70 (a) ttSB«>/7^f7^ 4 6iaoT^t- 

K^o^Sr^e-ywKbfcto-efcSc (b) fi 

&4 8W#^Wy4 7{cif4^r- KS^SriRiWb 



(8) 



8-116309 
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t LTtt*>9-feixfcfll5S-e*>So wjft,£>£rlS7(D (c) 
[0 0 5 9] B8tt*y ^<0«/SHt?S>So KMB 
tt*fe*^*«v^*ft36fr«^*«*i:-rSo -tote 

5^tcfe5o S 3 ttflffiSJfiSffOG a NO«Ht©-« 
[0 0 6 0] 

[*c3] * 

Ut* : GaN) 



14 



10 



* [0 0 6 1] KttttflE If ^20 m A<D0#<D. ^Ollg 

*ift«ffiH:3- 6v-efc6o rai:Ktt««fe<o»3ta« 

til. 2mWt l $)§o ^h;KDt-^iSg^4 5 0 
*>^>^ri^ttGaN^-<*- K<D— Wt^iflg?/j:V\ Ga 
aNtfeMlft, Sf0 2SI(DGaAl Asffe 

[0 0 6 2] 
[«4] 











3. 6V 


I f = 2 OmA 




1. 2niW 


m _k 




4 6 0 nm 


m ± 




7 0 nm 


m ± 



m4. SKift«8£I f =2 0mA(0*g-&© 
LED O&HtJly -<DU&mt 





a at oc) 


-40 


-25 


25 


100 


U5 


PF 


WfeLED CdBm) 


-12.7 


-12.3 


-12.0 


-12.6 


-12.7 




^feLEDNo. l(dBm) 


-8.8 


-8.8 


-8.8 


-10.0 


-10.5 




^&LEDNo.2(dBia) 


-16.7 


-17.0 


-18.0 


-19.8 


-20.3 


VF 


ffeLED (V) 


4. 07 


3. 95 


3. 65 


3. 40 


3. 36 



[0 0 6 3] yt<Dmjj<Dm&ted Bm"Cfc5o SStt- 
4 Ot-l 1 dXKDmm^fcZltX^^o No. 1 <D 
m& LED f«83fc/* !7 - # V >^m^_b# t #M«l3£ 

E D (COV ^TJK*l*]«ffi V F "C*> 5 0 Sffi *iCjlH^fpl 
fftv% 0 Wfe^St^oS&fm 1 2 0Xl?L^<Dm&mz- 50 



[0 0 6 4] EI 1 2 tt««tdS 2 0 m A<OB*©Jli;&ft«EE 
(V) 0>fflJ3Mfc;«r*i-o rixtt-&»fco©lW©KI 

5o V (-4 0*0 -3. 3 V (11 5TC) © 

[0 0 6 5] B13© (1) tt*fe##^*f tf-- KO(B 




(9) 



^M¥8 - 1 1 6 3 0 9 
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ps-(?*So fiai»16mAs 2 OmA, 2 4 mA 

tsfi^a^tif^^-cf^^fc^o mi 3 (2) 

bpsTfc^o 7*3.-7^ tt: 5 o%-efc^> 0 &&<D&jgt 

v^fc«*SE*-e*>-6o (dB) , fKtt**£*» 

(ns) T?S>5o ««©fiTfc#V^S*0**.SW|BH> 

[0 0 6 6] 

[0 0 6 7] gtb^O^Vv^v/u-A^^t, Bl^ 

[0 0 6 8] S*iTOS i-PD£Dt(^ GaAsP 
-PDSrtt 5 ilifcT** So »**fiUGaN, G 
a P. S i C*«5 fcflS^tt^X^^^^^JcioT^e 

7*4 > 9 & ft ft? v^tufcJn«&?&*P©JR 
fi#*S(HP 5:«ffit5 r J: o T <c»^SrlBI»tt 

[HI] y - K^t--^co±tc^^-- K^X^I C 
^ s> 7*94 K taw^5^f y ^ (c J: o r -/u 

tsa 

[0 2] ^9/^>^(0^y^r~^JK94^r- Yfv? 
[H3] *fe»3t^>f KXOTHWM£^>f;*-- Ktf> 



10 



20 



30 



40 



16 



[04] f^-f>{5 0%T10kbp s, 3 00 kb 
ps, 1Mb p s^m-^Sr^SJtS-T-^^S^r^SrS: 

[0 5] ift»5g*(DS«lSr»M-f *fc«xz>26«. g«»* 



[B6] gfl^^a-^fir^r^^iit 
tt"r5fc»©W"fe^^/V'S:*-r»«iao (a) 
79 9;^Wm, (b) tf^&aW;/?;*^:^"?* 
-A-KLfct>co, ( c ) ttSR^Sr^^^*^c|IKbfc 
tot, (d) 3&3&JR*;fctt1r9S s'^-r-McHtgb 

[07] ¥J»(D»3fc^-Y^-- K, g^-Y*-K«rJR* 
i-5^^^-^O^J^*r^tSia o (a) J*;/^^ 
^*-;^K, (b) te^/Wfrv/^^-i^ (c) « 

[0 8] ^Ht^-v^wK ^t^r-f^s Mfi^^a 

[09] e»*<03i>^^fc»:SrtSr3ty ^(Uo 
-CSBR-T S £ &**1W&»«B« 
[01 0] Wur t z i t eSilO^ifWfi^, * 

[011] ZnBSfel^tJM, *<D#tt& 
^>K=¥-T s'^fcSr— ft7cJffi«fc IT^a.oTi 
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